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RITE E X P E R I M E N T S  AT THE WEATHER BUREAU. 
By C’ F. Mam IN, ProfeJbor of Meteorology, I I .  S. Weather Biirrun (dated Jnlr, 1’4%). 

1SW. 

I n  Noveliilxs, 18‘35, the present writer was directed l)y Prof. 
Willis L. hloorr, the C’hief of the Weather Bureau, to coiisider 
the sul)ject of devising kites a n d  auxiliary apparatus for the 
nieteorological exploration of the i i p p r  air. The drfinite 01)- 
ject \vas to at,taiu a height of a t  least 1 mile and, if possiille, 
10,000 feet or more, and to 1)riiig clown con tiiiiiiiiis records 
of temperature, moisture, pressure, and wind. A consic1erd)le 
acquaintance with the present state of thr  a r t  of making and 
flying kites diowed that Loth the foriii of the hJdy of the 
kite and the niialysis of the action of the forces that atfrcted 
i t  demandecl fuller consideration than had hitherto I)een given. 
In view of the rapiclly inrreasing interest in this Subject i t  
seems proper to lay before the cooperating ol iservers of the 
the \\’Pathrr Hurean the results that  have hew1 attained dnr- 
ing the past, few iiiontlis, in order that  those interested in 
the sul)ject may in conducting their own experiments, profit 
by our experience. 

With the ndvaiice of the science of meteorology, ai?d e+ 
pecially with the progress in the development of the fuiiila- 
mental laws guveriiiiig atmospheric pheii~iiittiia, a growing 
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need arises for accurate knowledge of the conditions of the 
atmosphere with respect to its motion, teniperature, pressure, 
moisture, etc., not oiily near the surface of the earth but par- 
ticularly in the higher strata; where the forces in action have 
ful l  scope and their effects are iiiiniodified by such disturbing 
influences as exist near the surface. 

Rletrorological stations have been maintained on lofty 
monntain sunmiits, in order to procure the desired informa- 
tion, aiicl many pt?ri:uuh I~allooii voyages have been made with 
the espresq ()I,ject of inaking accurate xiieasurenients uf the 
atmospheric conditions :it all elevations. Pome use has heen 
iiinde of captire l)allooiis, and within n few years rani:zrknljle 
resnlts have been oIJtainec1 in Enrope l ~ y  the use o f  free Iral- 
looiis o f  siiinll size equipped with automatic instruments. 
Having 110 load of ballast to carry, these hl loons when set 
frer shoot upward with great velocity and attain very lofty 
rlevatio~iq, whereupoil, losing all eff’ective lifting force by 
reasoil (Jf the expansion and overflow of gas incident to the 
grrnt cliiiiinntiuii of pressure in the rarified strata of air, the 
partially inflated bag falls to the earth after a comparatively 
short jouriiey. A notice attached to the l~alloon gives instruc- 
tionb resprcting its disposition, and tlie finder receives a sinall 
reward for its safe retnrn. 

It apl)eiirs, however, that even hefore IIalloonR were iii- 
vented, Dr. Alexander Wilson of Glasgow eiii1)loyed tan- 
dems of kites “ to explore tlie temperature of the ntmos- 
pliere in the higher regions.’’ I alii iiiclelkecl t o  Professor 
AI)Ix for thr f(Jll(JJ1 iiig extract giving an account of Dr. IViI- 
 son'^ exlwriiiients, which, uwiiig to their early date a i d  coni- 
plrte arid iritrrestiiig character, deserve s p c i a l  mention : 

.,. -c t * * t * 
Anionx the  more mlvancctl diuleiits, w h i ,  in  tlie years 174s and 1749 

atten~lt-~l the IWtLII’Vb on 1)ivinity in the  Univerbity, was Mr. Tliornav 
Ale11 i l l ,  so well know11 by his iiintlieninticnl tnlents, and 11y those line 
specimens I J f  ceiiius w1iia.h are t(J be fonnil in hi5 postliiiniow inliers, 
1iuIJlihlieil in tlie hrconsl voliinie (Jf tlir EtlinGury Ex.avs. Physical 
and Iiternry. IVith this yuiiiig 1icrson JIr. IY‘il~ciii theii’livetl in tlie 
C.111sebt iiitinial*y ( )f hevcsral ~iliilt )pliic:tl hc~leliiI?h wliicli ticcurred to 
theni in their bocial Iiourh, A h .  \Vi II imposed one, whicli mns t(J er- 
plwe tlit. tem~ierature IJf the  :It1 slihere in the  liiglier reqions, by 
r‘ii5ing :t nunilin of 1)alier kites, one alwve %ncJthel., upon t h e  same 
line, with tlieriiionieter~ ap1iende~l to thohe that were to be most ele- 
vnterl. Tliungli they eupectvd, in  general, that  kites tlins connected 
mii.ht be rnibecl to it11 iiniisii:tl height, still they were soniewlirtt uncer- 
tain liow far tlie thin:: niiglit suweeil upon trinl. Eut  tlir tliouglit 
l)eing tpi te  new to t l ivin,  nnrl the  liiirpose to lie qainegl of some impor- 
taiwe, tliry 1)eg:tn to 1iI’elJ:tre for the  esperii~ient in the  spring vf 1749.; 

RIr. IVilsi 111’s hlJl lht :  :i iiilncliie was tlie W C ~ I I C  o f  d l  the little bustle 
wliia*li l i t i n  1iec.nnic nec ry,  mill butli RIr. Melvill nnll he, ,ilih 
teroiis iil the iihe o f  tl h:~ncls, f uu ntl much ani use ni ent  in 
tlirougli tlir ~irrl iminary nork, till :tt last they finislied 1i:ilf n 
1:irqe llnper kite<, fI’IJli1 4 to 7 f in Iieiglit, U ~ N J I I  tlie strongest, ant1 
:it the  hnuie time upin  the  bligli ctinhtructioii the matt.rinh wcruld 
allillit o f .  Tliey lin<l :ilzo lieen c nl in  giving uralers early fur a very 
ccvnhi~lt~rnlile t1u:iiitity of line, to be s1iiiii of sucli tlifferent sizeb ai111 
s t r c q t h ,  ah they jnrlgenl would Iwst aiihwer their pmpose; SO that one 
fine day, alNJi1t tlie niitlille of Jirly, \+lien f:trorecI ljy a gentle, steady 
bieeze, they lJrl,Ught out their IllJle ali1J:%mtlIS into an :uljoining field, 
aniillht n nunieriius (‘~Jin1i:iii~, conhisting uf their frieiuls an11 others, 
wl~oni  tlie iiiuillr uf tliis new n n i l  ingenious iroject l i a ~ l  t1r:twn from 
the tl)N 11. 

They began I+ it11 ra in< the  siiinllest kite, wliit.li being exactly bnl- 

I ery hlenller, Imt of btrength sufticicint to ClJlllIIlnIld it. In the mean- 
time the S W ’ I J l l l ~  kite \\as inatle reitly. Two nssistnnts supported it 

it need, bl I 1  i n  1111 )lI  I1 t el I teadily to itr utmust limit, cnrri ing up a line, 

‘Extract frCJlli l3ivgrapliicnl acc.onnt ( ~ f  dlesitniler Wilson, &I. I)., late 
h?JfehSilr of Pr:ictic:tI ,htroniiuiy in Cilasgow, by the  late Patrick 
Wilson, -1. M., Prof r uf Practical Astronomy in the  University of 

This nieiuiiir of  Dr. Wilbrin, nfter being reall a t  the  Royal Society, 
Fel~ru:try 2, lTS!), was with~lrawn IJY its antlior for the pu~l)use of niak- 
ing some :dterntiuns npon it, anll was llerri returned for publicatiun. 
It w i s  foilnil, liunevw, :iiiiong the mpers o f  Rlr. €‘:itrick Wilson, nncl 
is nuw 1iriiitell \\ itli tlir (~IJIlh~nt uf Iiiq family. 

- A s  n u  puLlic nidiw hna liitliertu been taken uf this matter, tliotigh 
nlr. M’ilson hnil always SlJllle tlilJuglits of cluing so, it  is IlCl1Jed that the 
following dat:Lil will iiut prove unaccepta1,le or tedious to the reader. 

( + l a h g l w .  Tr:tns:wt {if the  Iloyal Society of Edinl)urgh, Yo]. S, 
Pnrt 11, p1). ?i!I-?!li. IS3. 
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between them in a slopin” direction with its breast to  the  wind and 
with its tail laid out evenPy upon t h e  ground behind, whilst a tliiril 
person, holding part of its line tight i n  his hand, stood at a gooil cli+ 
tance directly in  front. Things being bo ordered, the  extremity of the 
line belonging to the  kite already i n  tlie air was hooked to B 1001, at 
the  back of the  second, which being now let go, mounted very superbly, 
and in  a little time also took up as much line as coulil be sup1)orted 
with advantage, thereby allowing its compnnion to soar to an elevation 
proportionally higher. 

Upon launching these kites according to tlie method which hntl been 
projected, and affording thein abunclnnce of proper line, tlie upperinost 
one ascended to a n  amazing height, Ilisappearing a t  times among the  
white summer clouds, whilst all the  rest, i n  a series, forme11 with it in  
the air below siicli a lofty scale, an11 that, too, affected by such regular 
and conspiring motions as at Once changed a boyibh lmtinie  into 3. 
s ectacle which greatly interested every I~eholiler. Tlie pres>ule of 
tRe breeze upon so ninny surfaces comnuuicating wit11 one ani ither 
was foulld too powerful fur a single l,ersl,ll to wi t l l~ tn l lc~  wllen 
tending with the  undermost strong line, 2nd it  became, therefore, nec- 
essary to keep the  mastery over the  kites by utlier means. 

This species of ceria1 machinery ansa ering so well, Rlr. Wilson and 
Mr. Melyill employed it several times during that  and the  follon ing 
summer i n  pursuing those atmospherical experiments for which the  
kites had been originally intende~l .  To obtain the information they 
wanted, they contrived that  thermometers, properly secured, and liar- 
ing bushy tassels of paper tied to them, should be let fall a t  stated 
periods from some of tlie higher kites, aliicli was accuniplislieci by the 
gradual singeing of a match-line. 

When engaged in  these experiments, though now and then they 
communicated immediately with t h e  clouds, yet, 8s  this h a ~ q ~ e n e d  
always in  fine rn eather, no symptoms whatever of ail electrical nature 
came under their observation. The sublime analysis uf the  thuncler- 
bolt, and of the  electricity of the atmosphere, lay yet entire1 untlis- 
covered, and was reserved two years longer for the  sagacity of t i e  cele- 
bratecl Dr. Franklin. In a letter from Rlr. Melvill to Mr. Wilbon, 
dated at Geneva, 2lst of April, 1753, we find, among other particulnrs, 

ment, and a great ardour expressed for prosecuting such researches by 
the advantage of their combined kites. But, i n  the  December follow- 
ing, this beloved conipanion of Rh. Wilson was removed by death, to 
the  vast loss of science, and to the  unsl~eakable regret of all who knew 
him. 

The limits of the present article preclude giving anything 
like a full historical notice of tlie use of kites for scientific 
purposes or for securing observations of the meteorological 
conditions of the upper air. A few references only will be 

means a novel idea of tlie last few years, as some appear to 
think. hh.  If’. R. Birt’ on the 14th of September, 1P47, flew n 

to test and demonstrate its nsefulness in obtaining measures 

caused to assuiiie a more fixed position in the air 11s restrain- 

three corners of a comparatively large equilateral triangle. 
Adiiiiral Bach,’ when in  coniniand of the T v r o r ,  used a kite 

to obtain the temperature of the upper air in Hudson Strait. 

“The Franklin Kite C ~ U ~ J ,  a t  Philadelphia, have lately ~11s- 
covered ’ that  in those days, when coluninnr cloilds form 
rapidly and iiuiiierously, their kite was frecluently carried 
upward nearly perpendicularly by columns of ascencling 
air.” The existence, for brief periods, of strongly aeceiiiling 
currents of air has also bee11 repeatedly noticed in  the 
Weather Bureau experiments. 

in England advocated the use of 

the other ” for showing the direction of air currents, and for 
attaching thermometers, aneniometers, etc., so that  the con- 
dition of the air in the upper currents could 1Je determined. 

his cllriosity highly excited by the fnnlr of the Philadelphifin esperi- 

giveli if with Other Object thall silill)ly to shoW the 
applicatioli Of kites to l’ractical, useful l’url’oses is by 

constructed lrite at the Observatory, in order 

Of telnl’erature, wind The kite was 

ing it llleans Of three strings E4ecured to the grolllld a t  the 

E s w 7  in ‘lis Philosol’hJr Of 1’’ “7, st8tes th:lt 

E. Douglas Archibald 
“ A  kite, a series Of kites flown that is, O l 1 e  a))ove 

Exl’erillients Of were first’ 
by Archibald in Novem’’er, 1883 ; the olJ jEt  

‘Phil. Mag., Val. SSSI, 1847, p. 191. 
I! Quart. Journal, Met’l SOC., Vul. IS, 1853, 1). 6% 

Probabl about 1537. 
Quart. Aurna l ,  Met’l SOC., Vol. IS, 1583, p. 63. 

‘Nature, vol. Y s x I ,  1854-1855, p. 66. 

view being to ascertain the increase of wind velocity with ele- 
Vatioll, Biran198 alleIllonleters being 
for this PrPoSe. The kites were diamond shape, with tails, 
find were f l o ~ i  tandem. Flax string was first employed, but 
acting ~110x1 the suggestion of Sir Willianl Thomson, steel 
l,ialloforte ,vire was substituted, on Archibald remarks : 

It is double 
tlie btrengtli, m s f o u r t h  the  weight, one-tenth the section, and one- 
lialf the cost. 

A snlnnlary Of the obtained be 
found in Nature, Vol. S S X I I I ,  1555-56, p. 593. 

Arc1lifJald also devised and macle sonic use of a captive kite 
~,alluon \vliicll lle described in Nature, vo l  ~ K X V I ,  1887, p. 
2‘79. This combination was designed to obviate the detri- 
mental action of the wind on the bal10011 surfaces. AS the 
balloon kite has often been proposed asof great utility i t  will 
be mortli ,vhile to notice the reslllts of Arcllibald>s tests. The 
Idloo11 had a cal’acity of 113 cubic feet ; the Octagonal kite 
measured 7 by 9 feet. Twelve hundred feet of steel piano- 
forte wire was paid out. lvind a t  Cfreenwich 12 miles per 
llol’r. ‘11‘ allgles of e’evatio~l ’’ere as follows: 
alone, 3S0; wire near ground, 1s”. Balloon with kite, 41.5O; 
wire near ground, 35’. 

It is ojlserved the effect of the kite was t,o increase the an- 
gular elevation of the balloon 3.5O, but the angle itself was 
OlllJ’  41.5O. Noitrv, any good kite is easily capallle of sustain- 
ing 1,200 feet of steel wire so that both the kite and the wire 
mill have a11 angular elevation of a t  least 600 and 550, re- 

t l ~ n s  the kite is able to hell) the ba1100n, but the ba1looB, on 
account of the large surface exposed to the wind, will only 
serve to drag dowll the kite to  a 1l1uch lower position than it 
would attain alone. If little or 110 wind blows the balloon 
nlone is sufticient, and is only trainmelled by the presence of 
a kite. 

J., ‘( began exDeri- 
iiients to determine the relations between the width and 

The object in view was “ t o  ,eI,gtli of the ordinary kite.,, 

. important problems in meteorology would be affected by in- 
vestigations of the upper air currents.” Beginning with star 

invention of the so-called Malay tailless kite, a form which 

for scientific purpose than any other. 

tion of Rlr. A. Lawrence Rotch, have aimed particularly to 
secure observations of the atmospheric conditions a t  as high 
elevatiolls as l,ossil~le. The work to begull in the 

first alld forms later. A liunlber of actual of 
the temperature, pressure, and moisture con tents of the air, 
also of wind velocity, have been ohtained a t  various eleva- 
tions 111) to something less than 4,OOO feet, and the work 
reflects much credit opoii the proprietor of the observatory 
and his assistants. 

Prolxhly the niost remarkable modern inventor of kites is 
hIr. Lawrence Hargrave, of Sydney, N. S. W., Australia. Mr. 

of C!ongres8, at the of 
the World’s Fair, 1893. In this paper were described models 
of flying l~lacliines of l,ecllliar cellular kites which 

sc-riptiu~i of the Hargrnve cellular kitee, which appeared in 
tlie American Engineer Alxil ,  1895, p. 193, has brought 
these kites to the attention of some of the experiiiienters in 
the United States. In  a11 article entitled “A M’eather Bu- 

to the kite 

This I have fuuntl a great improvement on the  string. 

% 

sl’ectively’ It nl’l’ears, that under colldi- 

Ill 1s90 ~villiani A. Ecldy, of BayonIie, 

evolve the forlll (,f kite to be used ill raisiIlg self-recordi1lg 
llleteoro~ogical iIlstrllments to a great height, because many 

aIld llexagou kites ,yith tails, AIr. Ecldy 

withi11 recent years has, perhaps, been more extensively used 

The kitt: exl,eriniellts nlade at Blue Hill under the direc- 

led to thh re- 

fall 1894. I<ites of RIalay or Eddy t y p  were used a t  

Hargrave corltriI,uted all inipOrtallt to the meeting 

were afterwards greatly developed ),y the illvelltor 
sillce ),ecuIlle widg,ly klio~frn alllong kite experts. 

have 
The de- 
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reau Kite,” in the WEATHER REVIEW, for November, 1895, 
the writer credited Mr. S. A. Potter with being “ the first in the 
United States to successfully construct and fly kites of this 
kind.” The Aeronautical Annual for 1896, which did not 
reach the hands of the writer until after the article referred 
to  had been written, contained accounts of successful experi- 
ments with the cellular kites hy both Charles H. Lamson and 
J. B. Millet. The date of Mr. Lamson’s experiments is not 
given. The work of Mr. MiIlet was d011e during August and 
September, 1895. Experiments were also lriade a t  Blue Hill 
with cellular kites in  August, 1895, which were described in the 
Boston Herald, August 19, 1895, and Springfield Republicau, 
August 21, 1895. It does not seem that  this type of kite was 
then regarded with much favor or that  further experiments 
with this form were actively pushed. hlr. Eddy also tripd the 
cellular kites, a t  first on September 1, 1S93, and again in De- 
cember, 1895, but with unsuccessful results. He was finally 
successful in flying the kite independently for the first time 
on December 9,1595. Mr. Potter’s work can therefore scarcely 
claim to be first in mere point of time, the results, however, 
were highly successful and promising and this type of kite 
at once superceded all other forms in the Weather Bureau 
work. 

The kite experiments a t  the Weather Bureau were first 
taken up by Mr. Alexander McAdie and Mr. S. A. Potter, only 
semiofficially, however. The work began early in  November, 
1894, and was carried on whoIIy outside of office houre 
and in  addition to other regular duties. Nevertheless, owing 
to the industry and skill of Mr. Potter a large number of 
kites, mostly of the Malay type, were flown successfully from 
time to  time a t  Mr. Potter’s country residence. No met,hocii- 
cal record of the progress of the work appears to have been 

made of the results attained. A small therniograph, con- 
structed mostly of aluminum, was purchased during the fol- 
lowing spring from Richard Bros., and records of air tempera- 
tures at elevations of a few hundred feet were obtained on 
several occasions during the ensuing summer. The thermo- 
graph proved to be imperfect and ill adapted to  the work. 
On one occasion a tandem of eleven Malay kites was success- 
fully flown. A suitable reel for controlling the string with 
which the kites were flown was found indispensable, and a 
very convenient and efficient aflair was devised by Rlr. Potter. 

The work finally assumed the character of an official inves- 
tigation only in  the fall of 1595. Prof. Willis L. Moore, as 
the new Chief of the Weather Bureau, a t  once recognized the 
great importance of extending the observations of the Weather 
Bureau into the upper atmosphere in order to  advance the 
knowledge of storm generation and improve the daily fore- 
casts. Mr. McAdie being detailed for duty a t  the office in 
San Francisco, Prof. H. A. Hazen, with Mr. Potter’s Resist- 
ance, was directed, on October 14th, 1895, to make experi- 
ments for the purpose of devising aad perfecting an appli- 
ance that might be used in observing the meteorological con- 
di tions of the upper air. Subsequently, namely, November 
18, 1895, the writer was also directed by Professor Moore, in 
addition to his other duties, to investigate the problem of con- 
structing appliances for carrying meteorological instruments 
into the upper air. Professor Moore has himself proposed 
two different devices as being possibly of use in the solution 
of the problem in hand;  namely, the combination of a kite 
and balloon, by which the desired observations can be ob- 
tained not only when the wind blows, but during calms or 
when the wind is too light to make the flying of kites alone 
successful, and a device constructed on the general plan of 
what we may call a soaring top. I n  fact, a toy of this charac- 
tar appears to have first suggested the idea to Professor Noore. 
The toy consists of a thin metal or card-board disk,cut up into 
a number of equally distributed radial gashes extending nearly 

kept, nor were instrumental or other accurate observ t’ 10118 

to the center. The surfaces are then twisted or bent 80 as to 
take an oblique position, screw propeller fashion, in  reference 
to the general plane of the disk. In  fact, the disk resembles 
very much a small fan wheel, such as is commonly seen on 
electric fans. At  the center the disk is fitted with a sinall 
axle a t  right angles. A suitable holder is provided, a d  when 
the disk iA given a high speed of rotation by the unwinding 
of n string from the axle, as in spinning a top, the disk lifts 
out of the holder and soars to a considerable height in the air. 
Such a device, on the proper scale, either started a t  high 
velocity from the earth, or carrying its motor with it, may 
pos~ihly he made to acconiplish the desired results. 

Professor hIoore’t; aim has been to reach higher altitudes 
than those which have been heretofore attained by ordinary 
kites. Special fnncls were not available for costly experi- 
ments with balloons or conibination ailairs ; moreover, kites 
themselves not only on account of their slight cost but also 
‘mause of their general eiYectiveness, seemed the most promis- 
ing suliject for the first investigations. The efl’ort has been 
therefore to develop the kite to the highest point of efficiency 
and ascertain to what extent i t  can he utilized in reaching ele- 
vations of from 1 to 3 miles or more. 

The work a t  the present time is still in an experimental 
stage as it were, hut i t  is believed enough has been accom- 
plished to justify publishing preliminary results in the hope 
that  the progress already made in the Weather Bureau inves- 
tigations will stimulate to new efforts, and be helpful to the 
several private experimenters independently a t  work on the 
same prohlem, a d  if possible, therefore, hasten complete 
success. 

O n  s c i c n t i j c  mcthor1.u in ki t r  i),rfnti!icctioiis.-While the litera- 
ture on kites describes an alniost endless variety of foriiis and 
shows some to have been employed in useful ways, that is, for 
drawing wagons, sleds in the Arctic regions, boats, etc., or for 
other purposes and for secnriiig iiieteorological observations, 
of which latter use we have mentioned above a few cases 
only, yet no writer seems to have fully discussed the action of 
the kite from a scientific standpoint, or analyzed and ex- 
plained the physical and mechanical principles involved 
therein. Sir Isaac Newton is said to have taught the boys 
how to fly their kites, but if one desires to learn much ahout 
the mechanics of a kite in action, 8 search in  kite and aero- 
nautical literatiire will prove fruitless, or nearly so; a t  least 
such has been the experience of the writer in the partial 
search that he has thus far been able to make. Some inves- 
tigators in recent times, while spending years of work with 
the avowed purpose of cleveloping the kite for useful pur- 
poses, have either assumed the deplorable attitude of discred- 
iting the value of technical or so-called theoretical consider- 
ations as applied to kites, or have struggled on by cut-and-try 
processes in blissful ignorance of the real character of those 
laws of nature whose operation they seek to control. 

It is unfortunate, to say the least, that  any investigator of 
kites of the present day, having the benefits of modern ad- 
vmced education, should entertain the scornful regard that 
seems to he current with sonie for the ‘‘ theory ” of kite flying, 
especially when the history of applied science affords such 
remarkable illustrations of the immense debt prrtcticc owes 
to seierm. There could be 110 greater mistake than to corn- 
teniptuonsly confound science with theory. No more striking 
instance of the eficacy of scientific methods can be cited 
than to ontline and contrast the growth of the steam en- 
gine and electric generators, motors, etc. Although Hero, 
120 years B. C., described crude forms of heat engines, steam 
engines did not begin to be really useful until about the 
middle of the 17th century. For nearly 800 years there- 
after the steam engine underwent a slow and tedious evolu- 
tion, improving but little in  the hands of men ignorant of the 
laws of thermodynamics. I n  fact, those laws were quite un- 
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known. Towards the close of this period such men as C‘arnot. 
Joule, Clansius, Thonison, and others began to develop t h e  
principles of thermodynamics, and Rankine, less than forty 
years ago, with a master’s hand, applied these priiiciples t u  
the practical problems in steaiii engineering. From thif 
point on the development WRS very rapid. What 200 pears 
yes, 2,000 years, counting from Hero, failed to make of t h e  
steani engine was effected in a score of years when scieiicc 
poiuted the way. The steani engine came into existence and 
underwent its slow nnd tedious development by blind experi- 
mentation before the rationale of its action was known or 
understood. The reverse is the case with electric generators. 
motors, etc. All the principal elements of their theory had 
been fully developed before the devices were invented. The 
result is that  alniost the highest possible state of perfection 
of these inventions was attained in a few years. Notonly it ae 
the theory already available lint it was developed and applied 
a t  every point in theconstruction and operation of these won- 
derful machines. The world now stands amazed a t  the mar- 
velous rapidity of this gro\\ th. In the face of sncli facts ae 
these, can anyone fail to perceive the iniportance and adyan- 
tage of formulating the physical laws involved in tlie opera- 
tion of any of nature’s forces? Let us hope, therefore, that 
those who seek to develop ancl perfect the kite in order to  
apply i t  to usefiil purposes will  help first to formulate the 
laws of all the actions involved. 

The construction and flying of kitesoii a large scale is purely 
and only an engineering prohlem. It is simply a question of 
stresses and strains, a question of the strength and resistance 
of materials, CJf the operation and equilibrium of certain 
well-defined forces. In fact, every element of the proldem 
conies within the domain of ordinary mechanics and physics. 
Ki tea are amenable to development by the same engineering 
niethods as those that  have produced such wonderful results 
as the Forth Bridge, the Brooklyn Bridge, the Eiffel Tvwer, the 
Ferris Wheel, swift ocean steamers, those fariions yachts May- 
flower, Vigilant, Puritan, Defender, and others. Now that it 
is desired to put  kites to certain useful applications, it ie 
urged upon those who seek to eflect this clevelopineiit that 
they discard the primitive cut-and-try method and adopt 
modern engineering methods. The rut-and-try method is 
good in a certain sense ; it is like nature’s method of “ na- 
tural selection,” but  its operation is exceedingly slow. If 
time enough is expended in constructing and testing all con- 
ceivable kinds of kites, selecting the best, rejecting the infe- 
rior, i t  is possible that  a kite may be evolved approaching the 
maximum possible efficiency, but the engineer has a short 
cut to this result,. He  analyzes the action of the kite in every 
detail ; the eficiency of every element is studied separately. 
By these niethods lie is soon able to discover and lop off this 
or that  useless member, to increase the efficiency of others 
and to introduce new members of peculiar and useful function. 

When kites are usecl for carrying strings or ropes to inac- 
cessihle distant points, as from a stranded ship to the Ire 
shore, or when used for transportation, as in pulling wagons, 
or towing boats, i t  is the object of the constructor to obtain 
the greatest possible tension or pull on the string, as held by 
the manipulator a t  the lowest end near the ground. But for 
meteorological use we need tu have tlie greatest possilde lift- 
ing power a t  the kite end. We must, therefore, develop the 
vertical and diminifih the horizontal conipoiient of tlie pull 
on the string. 

To be more specific, the kind of inforniation needed, for es- 
ample, is :  ( 1 )  What is the relative lifting power in a given 
wind, square foot for square foot, of the single-plme kites, as 
compared with the cellular kites’? (2)  I n  cellular kites, ((0, 
how near can the lifting surfaces be to each other without 
detrimental interference? ( b )  How short a distance may exist 
between the forward and after cell without the one iiiipairing 

the effectiveness of the other? ( c )  What length, fore and aft, 
is the most effectual for the sustaining fiurfaces? ( d )  What 
is the most appropriate form and arrangement of the bridle, 
not oiily to seciire the niowt satisfactory action of the kite 
under winds of varial~le force, Ilnt to lilirwihe distrilmte the 
strain npon the framework so that lightness, but yet not cor- 
r e s p n  d i ng weak n em of con s t r ~ i c  t ion, ni ay ol) t ai n ? ( 8)  In 
qrneral, for any kite, what is the I-iest angleof iiicidence? ( 4 )  
\\‘hat is the loss doe to the pervious structure of the cloth, as 
conipared with paper or I~alloon fabric, etc.? These are but a 
f v w  c)f the eleiiients ( ~ f  the kite proI~1en-1 that need to lie sepa- 
rately studied and in respect to which the maximum possible 
~isefiil eRrcts need t o  be develi Jprd and rendered available to 
the Bite I,ailder. 

The writer has heen led to niake these remarks because so 
little or none of this kind of work appears to he coilternplated 
by the several experinieuters 1 1 0 ~ 7  independently a t  work try- 
ing to render the kite useful f ~ r  meteorological and other pur- 
poses. Moreover, the alwve considerations should convince 
one that  a liiie of analysis seekiiig to clerelup all the elements 
of kite behavior nnd furninlate their relations is tlie diortest 
path to the complete solution of the prohleni. 

THE n’EhTIIEK BUREAU W O R K .  

A few remarks describing tlie management of kites will 
enable the reader, unfitmiliar with hat we may call modern 
scirntific kite flying, to form an idea of 11ow the work is rar- 
ried on. Detailb o f  the forms and cunstrnction of the kites 
will be given later. The kites range in size from G to 10 feet 
high, and are, therefore, easily carried about by one person. 

The act of starting off or flying any of the larger kites is a 
very simple matter, efipecially wliei! thF: wind is favorable 
mil the kite a good flyer. With steady winds of about 15 
miles per lioiir, the kite w l i m  faced to the wind will gen- 
erally fly right np froin the hand, sailing away ancl up- 
ward a t  an angle of from 30c to SO@. I t  is necessary only to 
keep the string under some tension as i t  is paid out. When 
tlie wind is rather feeble, especially if very light a t  the sur- 
face, i t  will generally be necessary for an assistant to carry 
the kite oft’ some dihtance to leeward; seven or eight hiindred 
feet is often not tIJ0 far. When a favorable puff of wind is 
felt the assistant tosses tlie kite upward into the air. At the 
same moment the string, if managed by a reel, is monnd in 
with sufficient rapidity to cause the kite to fly until fully 
sustaiued by the wind. A reel for nianagiiig the string is 
quite indisl)ensable for extensive experiments, but in its 
nbsence i t  mag 1)e necessary in starting the kite in light 
winds.to walk briskly to winclwarcl. It is almost impossible 
to describe the iiieans and artifices employed Illy the skillful 
Jp ra to r  in managing kites that fly badly, or in working a 
kite up through strata that have feeble, fitful motion into 
3tronger, steadier cnrreptfi. Skill of this sort can be acquired 
mly  Ijy experience. 

If any apparatus is to he carried i t  is generally tied to the 
jtring below the kite or kites after the latter are in good flight 
and  produce a steady and suf-ficient strain on the string. 

The tension on tlie string varies greatly when onlyone kite 
is flying, owing to tlie tuniultuons and ever changing charac- 
ter of the wind. These variations are very niucli less with two 
kites in tandem 200 or 300 feet apart. With a tandem of 
3everal kites the strain is naturally still more nearlyconstant. 

The nianiier of flying kites in tandem is also very simple. 
The kite to be added is first flown on an inciependeiit string. 
A length of from 100 to 150 feet is generally sufficient. The 
:nd I)f this is tied to the niain kite line a t  the desired point. 
The kite takes care of itself a s  string is paid out, although in 
3ome cases from time to time during its subsequent flight 
it may foul partly and temporarily with the niain line. 
[f there are no points or projections on the second kite 
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that  can be bermanently caught on the main line, then the 
fouled kite will generally soon free itself. It ought to ride 
above the main line except during momentary lulls of the 
wind, and often owing to its own lack of perfect synniietry 
and exact correspondence with other kites or to variations of 
the wind, i t  will continuously tend to fly to the riglit or left. 
Thus several causes are seen to conspire which tencl to make 
the kite stand free of the main line. There is always, lion- 
ever, in tandem flying, more or less wasted etfort in  thr. kites 
pulling a t  variance with each other. This will he discussed 
later. 

The work done a t  the Weather Bureau by R4r. Potter in 
flying kites prior to the beginning of tlie investigations by 
the writer, consisted principally of tests of the ?I~_nlay or Eddy 
kite. Although this form of kite is well known a hrief de- 
scription will remove any uncertainty respecting its construc- 
tion. The frame consists of two sticks of the diiiiwsions 
shown in Fig. 1. At the point of crossing tlie hticks arelashed 
firmly together with waxed string. The cross stick d 6 is 
bowed backward by means of a string, as shown in tlie end 
view, Fig. 2. The depth of the arch is bebt made about & of 
the arc. A strong cord, A C‘ B D, is passed around the frame 
and securely fastened to the ends of the sticks, so as to produce 
aperfectly symmetrical figure. The woven wire cord used for 
hanging pictures, which will not stretch, is much better than 
any kind of string for this prpose .  Paper, calico, canil)ric, 
or silk may be used for the covering, which is allowed to hag 
slightly in order to improve the stalility of the kite. .The 
bridle is formed of a piwe of stout cord whose ends are tied, 
respectively, to the point on C D a t  which tlie sticks cross aiid 
to a point near the elid, D. The length of string should I)e such 
that when the hridle is drawn taut aud laid over againht the 
surface of the kite it will form the angle U B D, Fig. 1. 
The kite string is attached 60 the bridle hy means of a 
weaver’s knot near the point B. The exact position for the 
best effect can be found only by trial. Rlr. Potter sought to 
improve upon this form of kite by substituting for the bowed 
cross stick two sticks set so as to form a slight dihedral angle, 
the effect being to impart a greater degree of stability. TfTith 
the object of providing a degree of flexibility to the wings of 
the kite for the purpose of easing off the strains due to gusts 
of wind, Mr. Potter tried connecting the two cross sticks of a 
dihedral angle kite by means of a spring. He also inserted 
a spring of rubber bands in the bridle a t  D, expecting thereby 
that the after part of the kite woiild tip up so as to partly 
spill the wind and ease off the strain of heavy gusts. These 
attempts to compensate for the gusty character of ordinary 
winds met with but indifferent success, doubtless owing to 
the difficulty not oiily of securing the proper proportions be- 
tween the strength of the springs and the surface of the kite, 
but of arranging that the spring should bend or elongate the 
right amount for a given variation of the total strain. To 
be effectual it is plain that  springs for the above-mentioned 
purpose must be nicely gaugecl for both the total strain they 
must sustain and the flexture or elongation per unit strain. 

Two sizes of cable-laid twine were used by Mr. Potter, namely, 
a heavy twine, &of an  inch in diameter, weighing ahout 3.75 
pounds per 1,OOO feet, and a lighter twine, 0.065 of an inch in 
diameter, weighing about 1.2 pounds per 1,000 feet. The cord 
was wound upon a large reel or flanged drum, about 18 inches 
in diameter. The box within which this drum revolved was 
firmly bolted to a low table with circular top, hut in such a 
fashion that the box could a t  any time be revolved in azimuth 
upon the table top, so as to bring the reel in the proper azi- 
niuth according to the direction of the wind. The legs of the 
table were firmly anchored to the ground. (See further de- 
scription, page 121.) 

These appliances were installed at Mr. Potter’s country 
residence near Washington. The exposure was exceptionally 

free from obstructions and in many respects very favorable 
for kite experiments. 

IVhen the writer begmi his investigations of the kite proh- 
leni ia  December, 1P95, he therefore found much of the neces- 
sary a p p r a t u s  in readiness, and he takes this opportunity to 
testify to Rlr. Putter’s skill mid expwieiico, and his ahility and 
ingenuity in  designing and constrncting kites. 4 s  mill ap- 
pear in the following pages, Rlr. Potter proposd and con- 
btructeed two or three modified forms of kites, each of which 
possesssd more or less merit, and hr  had already been suc- 
cessful with the Hargrave kite. 

The foregoing brief account sets forth the principal fea- 
tures of the status of the kite work of the \Yeather Bureau 
a t  the tinie the writer was directed Iby Professor Moore to in- 
vestigate the prohleni of securing nirteorological ohservatioiis 
in the upper air. What follows aims to set forth the progress 
made up t(J July 1, Is%, in developing tho kite. 

As  has already been said the construction and flying of 
kites 011 a large scale is purely and only an engineeriug prob- 
leni. I t  is simply a question of stresses and strains, the 
strength aud resistance of materials; a questicon of the oper- 
ation and equilibrium of certain well-defined forces. These 
ideas have been constantly in mind in my efforts to improve 
and apply the kite to meteorological purposes. The results 
presented helow aim to follow in some sort of logical se- 
quence. Naturally the actual chronological succession of the 
experiments was often illogical and the resiilts fragmentary 
in character. 

The position a kite takes when poised in mid-air is the re- 
sult of a condition uf equilibrium of five differeut and wholly 
independent forces: these are: (1) The pressure of the wind 
on the kite surfaces. In  this I mean to include every wind 
force 11 hatever, whether exerted upon the extended sustaining 
surfaces or upon the relatively small ende, sides, edges of the 
sticks and framework of the kite, the edges of the cloth, wire 
ties, etc. The skin friction of the wind gliding over the sur- 
faces, if considered, it; to be included here also. The resolu- 
tion o f  this composite force into its heveral con~ponents arid 
the analysis of their separate effects is a question in itself. 
( 3 )  The attraction of gravity for the kite. ( 3 )  The tension 
of  the string a t  the kite, that  is the restraining piill of the 
line. ( 5 )  The 
pressure of the wind against the string. 

Kitc ..itriii~/X.-Inasni~icli as the first requisites for kite flying 
on any extended scale are a convenient reel and plenty of string 
or line of adequate strength and quality to hold the kites, it 
will he appropriate to first dispose of some exceedingly ini- 
portant questions relating to the string. 

The properties of most importance in deterniining the fit- 
ness of a given material for kite strings are (1) strength, 
( 2 )  weight, and ( 3 )  diameter of the cord, that  is, the amount 
of surface exposed to the pressure of the wind. Generally 
this last factor-the action of the wind on the string-has 
been quite ignored or, what is worse, if considered, has been 
regarded as too small to he of any importance. Such is far 
froni being the case, especially in lofty flights, in which case 
we must deal with thousands of feet of line. 

The size of string generally used in flying kites tandem 
r~ieasures a t  least one-tenth of a11 inch in diameter. The area 
of the longitndinal section of such a string equals a square 
foot of surface for each 130 feet of running length, that is to 
say, 44 square feet of surface to the mile. Even though the 
exterior surface of the string has a rounded form, yet the 
length we are obliged to deal with in a given case is so great, 
and a great portion of the string is set a t  so steep an angle 
across the direction of the wind, that we must not for a mo- 
ment assunie that the wind pressure on all this surface is too 
small to be worth considering or that  the string can escape 
being depressed toward the earth by the wind to  a very con- 

(4) The attraction of gravity for the string. 
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No. 12gIlling thread .................................... 
Cable-laid twine ........................................ 

Do ................................................ 
Do ................................................ 

Phosphor-hronze wire.. ................................ 
Aluminum wire ......................................... 
Steel piano wlre ........................................ 

siderable extent. Every one perceives with the eye the very 
great effects that gravityis able to produce on a long piece of 
even very fine string, and we all know how great tho tension 
must he to stretch a long piece of string until i t  is even ap- 
proximately straight. The actual disturbing force of gravity 
ill operation in such cases is a very feeble one ; much fprhler, 
indeed, than the pressure the wind may exert 011 the mnie 
string. If one is skeptical of this statement let him try the 
following simple but crucial experiment : Take Reveral feet 
of gilling thread, or similar fine striug, such as would b6 used 
for flying small kites. Suspend this in a slack loop with the 
ends on about the same level. If no wind is blowing, the 
loop will hang in a vertical plane. If, lio\+ever, the string he 
swpended where freely exposed to the wind and so that  the 
loop hangs directly across the direction in which the wind 
blows, the loop will no longer hang in a vertical plane, hut 
will he blown strongly to one side and assume a steeply- 
inclined position. In fact, with string as light and fine as 
gilling thread the loop will be blown out quite horizontally 
with only a gentle breeze. In  this experiment the wind and 
the force of gravity are the only external forces, aside from 
the reactions a t  the fixed supports, which affect the position 
of the string. The wind acts horizontally, gravity acts verti- 
cally, and the loop of string takes an inclined position inter- 
mediate between the horizontal and vertical. If the two 
forces are equal, the plane of the loop will be inclined 4 5 O  to 
the horizontal. The observed fact that the string, in many 
cases, is forced by even nioderate winds to a much higher 
angle thau 45O'is very significant. It nieans that the pressure 
of the wind on each elementary portion of the string is much 
greater than the weight of an equal portion of the string. 
The fact that  the striug in the loop is under very feeble ten- 
sion, whereas a kite string is under great tension, does not in 
the least alter the fact that the pressure of the wind on the 
string is equal to or greater than the attraction of gravity. 
Furthermore, the fact that  the kite string hangs in the direc- 
tion of the wind, instead of across it, can not annul the effect 
of the wind, which in such a case is superimposed upon the 
effect dLze to gravity, and quite escapes detection by simple 
methods. I n  fact, the effect we observe with the eye is coiii- 
monly regarded as due to gravity alone, whereas it is really 
the effect of hoth gravity and the wind. The thoughtful in- 
vestigator will derive a valuable lesson from a few experi- 
ments of the above-described sort with strings of different 
sizes. 

Enough has been said to show that  in selecting a kite string 
the clianacter of the string may be of even greater importance 
than its weight. 

The judicious selection of the kite string and the adoption 
of correct methods for uniting its different portions, or for 
attaching it to the kite, are impossible without a compiete 
knowledge of the strength of the string itself, and of the 
knots, splices, and other junctions employed. 

The testing apparatus described below was hastily inipro- 
vised for service in the Weather Bureau work, but proves so 
simple and useful that  others may wish to make and employ 
a similar one in  their own work. 

Two pieces of square steel, A,  E, Fig. 3, driven through 
round holes in  a flat bar of iron, convert the 4-foot bar 
into a powerful lever with the knife-edge a t  A for a fulcrum, 
and the edge a t  E for applying the force. The bent pieces of 
flat iron, C,  D, form a t  once the stirrup for transniitting the 
Etrain from the knife-edge, E, and the jaws within which one 
end of the string or wire to be tested is grasped. The clamp- 
ing of the jaws is effected by means of a small independent 
steel screw-clamp. These latter may be procured from dealers 
in  hardware or tools generally. The support for the lever is 
most conveniently made of a stick of wood of the form shown 
and adapted to be attached when required to the side of a 

Inch. Lb8. Lbs. 
0.052 0.25 30 0.33 
0.085 1.20 62 0.78 
0.100 9.8 160 1.2 
0.150 7.1 300 1.8 0.0288 8.6 80 0.84 
0.04id *8.15 '48 0.57 
0.028 2.15 200 0.34 

bench in such. a manner that  the long arm of thedever passes 
obliquely over the top of the bench. The knife-edge, A,  is 
arranged to be supported on suitable metal surfaces a t  the 
top of the stick. At about 34 inches below the end, B, of the 
lever, a projection is formed in the hoard. Two iron blocks, 
E, F, provided with steady-pins and a clamp, constitute the 
jaws for grasping the remaining end of a string or wire to be 
t,ested. The edge of the projection a t  G has formed within 
i t  a narrow slot or rabhet through which the string may pass, 
while the plates, E, F, of the clamp abut against the lower face 
of the projection. This arrangement admits of testing speci- 
mens of considerable length. The necessary strain for break- 
ing a epecimen is easily produced by hanging any heavy 
weight upon the long arm of the lever. I have employed, for 
convenience, one of the Fairbank's 50-pound standard weights. 
In  order to graduate the lever-arm so as to indicate the strain 
on the specimen in pounds, a rude wooden scale-pan was sus- 
pended from the clamp, C D, into which was placed objects 
of known weight up to about 150 pounds, due allowance being 
made for the pan. From the Aeveral positions of the sliding 
weight, when just balancing the known weights, the complete 
system of graduation for the lever is accurately determined. 
By this device strains of something like 350 pounds can be 
produced upon specimens to be tested. This is quite suffi- 
cient for kite work. Tests of the strength of strings, wires, 
knots, splices, etc., as given hereafter, were all determined by 
means of the device described above. 

TO grasp a specimen so that  i t  shall not slip nor yet be im- 
paired in strength, did not prove to be very difficult. The 
jaws of the clanips are comparatively smooth. To increase 
the holding of these they were occasionally rubbed with pow- 
dered resin. For testing hardened steel pianoforte wires it 
was necessary in addition to rub the ends of the wire itself 
with powdered resin, also to  form a kink in the extreme ends 
of the wire and grasp the wire in such a manner that these 
kinks draw into the sharp angle formed by the slightly 
divergent jaws of the clamp a t  one end. With these expe- 
dients for grasping the wire excessive clamping was not nec- 
eesary, and only occasionally would specimens break a t  the 
edge of or slightly within the jaws. 

The following table contains information respecting the 
properties of materials that  may be empIoyed for kite strings : 

TABLE I.-Propcrlics of mniaricala f o r  kik .dringa. 
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tendency of metallic wire of any kind to kink and give 
trouble on that account if employed for flying kites is by no 
means serious and the little extra pains required to prevent 
kinks and rusting, in the case of steel, is well repaid in the 
great superiority of steel in every particiilar. The writer 
a t  once substituted wire for string in December, 1895, and 
its admirable fitness for the purpose is abundantly confirmed 
by extended experience. 

The steel piano wire selected for the Weather Bureau work 
measured about 0.028 of an inch in diameter. This is the 
size generally employed for deep-sea sounding purposes. In 
the use of wire a question of first importance is, how shall 
i t  be spliced? In  niy early work the wire was spliced ac- 
cording to the recommendations of authorities on deep- 
sea~sounding. Disastrous results ensued from the parting oi 
the wire in the splices. Thereupon a thorough investigation 
of the strength of splices was made by means of which a foriu 
of splice was evolved that  i t  has been impossible to break. 
The single wire either side of the splice will always break 
first. Fig. 4 shows a common form of soldered splice, recoxn- 
mended and used for splicing wire employed in deep-sea 
sounding. This is a bad form of splice and will, in almost 
every case, break in the middle and a t  a less strain than re- 
quired to break the wire. The only part of the splice that  i €  
a t  all effectual in resisting strain is the short intertwisted 
portion in the middle. It is plain that  throughout the whole 
portion, a,  6 ,  where one wire is coiled closely around the 
other which remains straight, practically the whole strain is 
carried, and necessarily must be almost wholly carried by the 
straight'core wire. The solder of the splice can carry only a 
little of the strain. The coiled wire in the portion, ( I ,  b, is, 
therefore, ao much wasted material. The mechanical prin- 
ciples involved in splicing a wire by twisting requires that 
each part he twisted aromd a coiwmon axis. It is wrong to  
twist one part wholly around the other which remains 
straight. According to this principle the splice shown in 
Fig. 4 is evolved into the splice shown in Fig. 5 by ilis- 
carding the portion a,  b, and elongating the middle portion. 
Although not necessary for strength i t  will generally Le 
well to take one turn of the wire around the main part at 
each end of the splice and taper down the point somewhat by 
filing. This will lessen the danger of damaging the splice in 
case i t  drags across the edge of the reel or some rough 
hard object, and the splice will perhaps pass more easily 
through the hand or through oily cloths which must some- 
times be employed to prevent rusting. I n  not a single case 
have soldered splices of this formation ranging from 2 to 
2;) inches, extreme length, been broken. Fifteen specimen 
splices were tested. The wire outside of the splice was broken 
in every case a t  average strains of about 225 pounds. Mini- 
mum strength, 210 pounds ; maximum strength, 235 pounds. 
The solder may be applied to the splice with an ordinary 
soldering iron, treating the splice first with soldering acid in 
the usual way. is to suhnicrge the splice in a 
small quantity of molten solder contained in a shallow groove 
in a block of wood. By this method there is little danger 
of overheating the wire and impairing its temper. Those 
familiar with soldering need not be told that  the completed 
splice must be thoroughly washed with clean or alkaline water 
so that every trace of the soldering acid is removed, otherwise 
excessive rusting of the wire will quickly ensue. Keeping the 
wire thoroughly coated with a film of oil has thus far been 
sufficient to prevent rusting. The wire has, however, never 
been exposed much to rain and damp. 

Inasmuch as the security and strength of the splice de- 
scribed above depends upon the  wires beiqig e i w j l y  n i i t l  ~ n i -  
fomnlg twisted each nbout a common a&, the twisting is hest 

A better plan 

'Described in Deep-sea Sounding and Dredging, Sigsbee. U. S. 
Coast and Geodetic Survey, 1580. 

effected by using simple tools, such as shown in Figs. 6 and 7. 
The wires to be spliced are clamped in the small block of 
brass, d, having two shallow converging saw cuts as indicated 
by the dotted lines. The block is fitted with a brass plate 
covering the slots and kept in position by steady pins, a, a. 
The cover plate is made to clamp the wire in the shallow slots 
by means of a coninion machinist~s hand vise, not shown. 
The brass block, B, also cut with slots converging the same as 
in A, serves for twisting the wires. The cover on the block, 
B, simply confines the wires to the slots without clamping 
them. Rotating the hlock, B, on it8 longitudinal axis twists 
the wires as evenly as can be desired. If the free ends of the 
mire are to lie turned once closely around the main wire, this 
is eiTected by ineans of a tool shown in Fig. 7, which scamly  
needs explanation. The splice is finished by nipping oft' the 
extreme free ends of the wires close down to the main wire 
and, if desired, the ends may Le further touched up, before 
soldering, by careful filing to the form shown in Fig. 5. 

While steel wire is the best material for the kite line, yet i t  
is not convenient to form a continuous wire connection up to 
the kite, especially during the experimental stage of the work 
when alterations in the points and iiianner of attaching the 
wire to the kite are necessary. String is peculiarly adapted 
for such connecting purposes, on account of its flexibility and 
the facility with which i t  can be tied in knots. Twine of 
suitable strength has, therefore, been employed for the bridles 
of the kites. To the bridle is also attached a short length 
(from 4 to 6 feet) of twine which will liereafter be desig- 
nated the " stray line." By this arrangement of bridle and 
stray line any desired adjustment and alteration of the bridle 
attachment may be made by nieans of knots hereafter to be 
described. The stray line provides means for readily attach- 
ing a kite to, or detaching it from, the wire, still preserving 
any desired bridle adjustment. 

Correct engineering practice requires that we inform our- 
selves definitely concerning the strength of every important 
member of a structure. Therefore, when we employ string in 
the bridles and the stray lines of our kites we must definitely 
ascertain their strength, especially if tied and knotted together. 

The question as to how well and conveniently knots answer 
their purpoae, and to what degree they constitiite a weak spot 
in the string containing them, is n very iiiteresting one for 
investigation. Although striilg is u s r d  i n  the M'eather Bu- 
reau work in only a suhordinate capacity, yet a nuinher of 
tests of strings united liy different kinds of knots were made, 
and as the results may prove useful to those who employ string 
instead of wire for flying kites they are given i n  the table be- 
low. All the tests were made on new cord that had never 
been used. The cord was a hard twisted cable-laid twine, 
which measured between 0.105 and 0.115 of an inch in diam- 
eter and weighed in the slack cord 4.1 lbs. per 1,OOO feet. 

. 

T ~ B L E  II.-S/retry/hs of C01Yl8 zociktl by rurioii8 knots. 

I Kind. 
~ ~~~ _____ - ~ _ _ ~  ! 1 1  2 1 3  1 4  1 5  I 6 !  7 1 8  1 9  1 1 0  

1 ......................... 
2 ......................... 
3.... .................... lfjo 
4 ........................ ......................... . 
6 .......................................... 5 135 112 

8. ......................................... 
IO...... ..................................... 

ld1 I 
9 ........................................... 1 ,  , ........................................... I i i  

............ 

...... ...... 

185 
1% 
1.49 
160 
150 
140 
1 6'' 
1 70 
1 50 
135 

179 
175 
175 
101 
1 82 ...... ...... ...... ...... ...... 

193 

165 
191 
198 
W! 
1-33 
185 

171 
IJO 
I& 
167 
169 
182 
1 7:! 
160 
l!M 
1% 
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The exact structure of the knots will he understood from 
the illustrations, Fige. S to 16. The so-called “double over- 
hand knot ” was tested because i t  is so coniinonly used I J ~  a 
novice for uniting two stringe, and because i t  has often heen 
employed in flying kites tandem for the purpose of foriiiing a 
loop in the main h e ,  a d  shown a t  u, Fig. S. It is a very lJad 
knot for the purpose. The “ weavers’ knot ” or “ sheet Iwiicl ” 
is very sniall and coinpact, but cuts upon itself Iiadlg and is 
weak. Tlie “square kiiot” is ninch Letter, hut is not always 
proof against slipping a little, which, if i t  occurs under con- 
siderable strain is nlinost certain to result in a hrrak at the 
knot. The tenclency to  slip is almost wholly renicived hy 
drawing the parts taut in such forni that the loose ends stand 
well out a t  a n  angle to the niain parts. Do not tighten up 
the knot while the Ionse ends are held parallel with the niairi 
parte. 

It seems there may lie soiiitl diRerence in the strength de- 
yendiiig upon whether n knot is tied with or c r y t t i r ~ s t  the “ lay ” 
of the cord. I have not, Iiowever, hreii ahle to d4initely dis- 
cover a difference of this sort,. 

The “ fisherman’s knot”  called also “ surgeon’s knot ’’ by 
Eddy and Fargusson of Blue Hill, is compact and coaipara- 
tively strong. The “ interlaced overhand knot ” is formed by 
tying a simple l<not loosely on the end of one string and 
passing the end of tlie other string through and around tlie 
kiiot in tlie opposite sense, as shown in Fig. 13. The ‘‘ inter- 
laced figure of S knot”  is formed in a precisely similar niaiiiier, 
based on the knot sliowii in Fig. 14. Each of tlie foregoing 
knots draws down exceedingly compact and hard, arid it, is al- 
most impossible to 1111 tie them after being strained, especially 
the two latter. This is also true of the “Carrick’s hencl.” 
The latter, however, is designed to unite heavy ropes, hawsers, 
etc., ancl in such cases the loose ends of the knot are “stopped” 
or lashed to the niain parts, and in such condition the knot 
cau not jam. Occasionally the knots enumerated from 1 to S 
in the table will sustain a straiu that will break the cord, but 
such was found to be rather the exception and generally the 
string appeared to break a t  a weak point. 

The king of all tlie knot@, however, is the “ bowline k110t,” 
not only Ijecause of its reriiarksble strength, which is such 
that the cord itself will break a t  a high strain while the knot 
holds in the majority of cases, but from the adaptability of 
the knot to a variety of purposes and from the fact that  i t  
never slips and can be untied with the least possilJle effort, 
even after sustaining excessive strains. Fig. 16 shows the nian- 
ner of uniting cords by this knot, and although for this pur- 
pose i t  is less coiiipact and neat than other knots, i t  is exceecl- 
ingly trustworthy and can be clepencled upon to nearly or quite 
the full strength of the curd. It has no equal for uniting two 
cords differing i n  sizr. It will never break a t  the poibt, (L, 
which I i tas a t  firet inclined to  regard as a weak spot. This 
knot is so excellent that  its use is strongly reconiniexided. 
The successive steps in a siniple nianner of tying i t  will be 
given, as the beginner may find some difliculty i n  forniiiig the 
knot easily with 110 other guide than Fig. 16. Tlie first step 
is to form a simple overliaiid knot, held as shown in Flg. 17 ; 
by a desterons turn of the fingers tlie kuot is hronght to the 
form shown in Fig. lS, a d  finished by passing the end behind 
the main part and tlirougli the eye, as shown in Fig. 16. The 
act of tying the knot is nile coiltinuous motion. In  drawing 
the knot taut it is not nrcessary or desirable to tightenup the 
crown (a .  Fig. 16,) of the 1m)t very much. To untie the 
knot the cruwn is first drawn over in anianner to free the knot, 
whereupon tlie whole is easily undone. 

As already mentioned, when wire is used as the kite line, 
string need lie eniployed only for bridles, stray lines, aiid 
other short connectors. The end o f  the wire is fornied into n 

Fig. 11 shows the knot correctly tied. 

sniall eye which iiicloses au eyelet, as shown in Fig. 19. 
Tlie striiig from tlie kite is attached to this eyelet by means 
of a Imwline knot. A numher of actual tests demonstrated 
the superiority of this knot for forniing this jnnctiou. 

\\.‘liile cliscussing k:ints i t  will be well to dispose of the 
nintter a n d  describe the nianiier of  tying the bridle to the 
kite sticks and of adjustalJly attacliiiig tlie stray lines to the 
1 iridlr. 

The clove-hitch 
reinforced I J ~  one or two lialf hitclies of the loose end of tlie 
string nround tlie main part of the liridle s e e m  to an8wer 
every p i i r 1 ~ ~  for securing the Iiridle to the kite stick. 1 
have I)een unahlr to dimover a more escellent method of  
attaching the fitray Iiiie to the lxidle than by nieans of a buw- 
line knot.  tho loop of which forms with the bridle a square 
knot, a, Fig. 30. The knot cannot slip in use ancl eveii if 
excessively strained it can be loosened with thr slightest effort 
and in such a inauner that the p ~ i i i t  o f  attachment can be easily 
shifted by any definite ancl precise aniount. The siiiiplest 
way (if forming the q u a r e  knot lietween the loop of the bowline 
and tlie I,ridle is to tie tlie bowline first, independent of the 
bridle, then pass the loop of tlie hvwline around tlie bridle 
and draw the end of  the stray line, which will generally be 
fwe, through the loop of the bowline, forming tlie knot showi 
in Fig. 21. This is easily converted into the sqiinr‘r knot  
showii in Fig. 20. The ccinipletr arrangenieii ts of bridle aiicl 
stray line \vas repeatedly tested with the result that tlie ar- 
rangement was fully as strong a t  every part as the cord itself. 

I t  still remains to describe what methods have been 
developed for attaching kites in tandem. Where string is 
eniployed for tlie kite line a siinple loop knot, a,  Fig. 8, 
niay Le fornied a t  any point desired. As already pointed out, 
arid as shown in TnMe 11, if this knot is tied in the iiianner fig- 
ured, the etreiigth of the line is therrliy weakened in a very 
serious niaiiner. As i t  is plainly very h d  practice to impair 
the strength of hundreds of feet of strong cord simply by one 
or more weak knots, it is also plain that  those who employ 
string for the kite line need a methud much better than that 
just described for furming a loop or other device l ~ y  which tlie 
followi~ig kitw of a tan~leni map br attached to the main 
line. The importance of this little matter is still more ap- 
parent whe11 we consicler that if a single one of these knots 
01‘ loops forins a poiiit in t h ~  line which is 33 per cent 
weaker than the weakest place ill the cord itself, a condition 
which tlie tests show is easily pnssilJlr, then to safely sustain 
a given strain the eiitire lengtli o f  line involved niust be 33 
per cent stronger, that is, qqmsi ina te ly  33 per cent heavier 
than n ( i u l c 1  he required if the strength o f  the cord was not 
thus inipaired by loops. Tlie weight aril size of the string 
are o f  such vital importance in flying kites to extremely 
grwt elevatioiis that Iiad practice o f  thr kind just p i n t e d  out 
CRII not for a iiion~ent Ile tolerated. 

The foregoing reinarks apply eqiially i n  deterniining what 
ar rau grriien t s w ill 1 )e ad in i ssi 1 11 e for a t t ach i 11 g t ai1 cleiii ki tea 
to wire. Every device that impairs tlie ~ ~ o r n i a l  strength 
of the wire niust be ruled out. In  speaking of the several 
kites forming a tandem it will  he convrnient to designate the 
top kite as the lender, or pilot, liitp. The others niay 133 
called suhordinate kites 01’ followers, and the line of wire 
leading up from the reel will lie called the niain nire, or main 
line, while tlie relntivrly sliort l i rauche~ lending up to the 
sul~ordinate kites will be s1)okeii of as secoiidnry lines. 

An angle in tlie continuity (Jf the main line is formed at  
any point a t  wliic*li a swoiltlary liile is nttaclied. This augle 
varies from nionient to nioniriit with the rver changing wind 
forces 0 1 1  the diRerent kites. If wire is used aiid flexibility 
is not provided for a t  thr point of attachment, or other 
mealis aclvpted t u  obviate ill efl’ects froin I)eiiding, then it is 
only a question of time liefore the streugth of the wire will be 

Fig. SO illiistrates I~o t l i  these coiinectioiis. 
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impaired. The writer has not been able to conceive of I 
clamp for this purpose that is entirely free from serious ob 
jections. After discarding loops of string firmly lashed wit1 
waxed twine to the wire he has, however, adopted the eyele 
arrangement shown in Fig.22. I n  addition to forming 1 
perfectly flexible point of attachment, the strength of thf 
junction, with double twisted wires either side of tlie eyelet 
is stronger than the wire itself, as shown by actual tests. 

Steel wire of the same size as the main kite wire is also em. 
played for the secondary lines. The length ranges froin 1OC 
to 150 feet, with an  eyelet in each end, as  shown in Fig. 19. 

The connection of the secondary line to the intermedink 
eyelet of the main line is made by a short piece of twine tied 
to the eyelets hy means of the bowline knot. 

The intermediate eyelets put  into the main line are toc 
small to present any clifficulty in stowing away upon the reel 
The only objection to them hitherto found is that the po in l~  
a t  which attnchnient to the main line is possible are fised 
and predetermined, Rnd can not be chosen, as is sonietinieE 
desired. 

The relative merits of several small kites flown tandeni 
as contrasted with spreading the same amount of surface 
in one or two large kites, will be analytically discussed 
later. It may be stated here, however, that  although the 
tension on the line becomes more and more steady the 
greater the number of kites in tandem, yet the gain in steadi- 
ness when more than two or three kites are employed is en- 
tirely unimportant, and, as will be shown hereafter, a large 
kite is more eflective than an eqiml surface in sl11all kites 
flown tandem. Based on these considerations tlie practice at 
the Weather Bureau has been to fly but a small nunil~er of 
kites tandem, and the use of eyelets a t  fixed points in the 
main wire has been generally Satisfactory. 

One further dificulty has presented itself in the use of wire, 
and for which thus far  no satisfactory solntion has l~een 
reached, namely ; if the wire is in a state of internal strain, 
such that  when stretched i t  tends to rotate on its lougitucliiial 
axis (ancl if no provision of a swivel or other device has been 
made for relieving this twisting strain), then under certain 
conditions of moderate strain, and a t  monien ts when the 
main and a secondary line take nearly coincident directions, 
the two may intertwist around each other for a length of 
many inches, but be again violently untwisted more or less 
completely when a condition of stronger winds and heavier 
strailis prevail. It is needless to say that  such action threat- 
ens to impair the strength of the line. 

Swivels are believed to be of no avail to ohviate this diffi- 
culty. I n  the first place they must be capable of resisting a 
strain a t  least as great as the ultimate strength of the wire. 
Made in the ordinary way the friction, owing to heavy strains 
that  would occur in use, would wholly prevent their effectual 
action. A ball-bearing swivel would, we believe, not be niuch 
better. Moreover; even supposing an effective swivel avail- 
able, as rotation of the kite wire can not take place across 
the angle formed a t  the point of a t tachn~ent  of a subordinate 
kite of a tandeni, i t  would be necessary to provide a swivel a t  
each point of attachment of a secondary line. The wiiicling 
of bulky ball-bearing swivels on the reel presents a serious 
objection to their introduction. 

From the foregoing statements and data respecting. the 
materials and arrangements which form the kite line, i t  
will lie seen that  the maximum of strength with the mini- 
niu~n o f  weight and surface exposed to wind action is ap- 
proximately attained by tlie use of steel wire. With the 
arraiigeirients reconi~nended, there will be a uniform strength 
throughout, with no inherently weak points of construction 
nor pctrtions of iinnecessary strength, and, therefore, un- 
necessary weight. The main wire is expected to withstand 
the united pull of several kites, and must, therefore, be 
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stronger than the bridles, stray lines, etc. These latter, 
when made of the cable-laid twine employed in making the 
tests given in Talde 11, are, as shown therein, stronger in 
proportion to the strains they must sustain than the wire 
itself. The excess of material and weight involved in thie 
excess of strellgtlt is very sniall, however, ancl of no import- 
ance. For small-sized kites snialler twine uiay be safely 
employed. 

The fvllowing table contains the results of tests upon 
splices, eyelets, and other meml~ers that go to form tlie line 
hy which a kite or tandem of kites is anchored to the earth : 

TABLE 111.- ~ i l l i m u l e  hrcitkiny slrrnyth of nienibera of kifr line. 

Number of test. 

1 ............................................... 
2 ............................................... 
3 ............................................. 
4 .............................................. 
5 .............................................. 
G ............................................. 
i..... ......................................... 
8 .............................................. 
9 .............................................. 

10 .............................................. 
11 ............................................... 
13. .............................................. 
14 .............................................. 
15.. ........................................... 

................................... 
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Tlrc r t  €1.-The reel required for the proper managemeu t of 

Pither the kite wire or string will need little or uo descrip- 
tion, except ill respect t o  particular adaptations, and espe- 
cially in regard to the means employed for nieasiiring the 
total length of the wire or string and thr length paid out to 
the kite a t  any time. 

It will frequently be necessary, when flying kites in light 
winds, to keep the kite afloat hy reeling in the wire more or 
less rapidly. For this purpose experience has shown that the 
:ircuniference of the drum of wire or string shoulcl tie scarcely 
less than 5 feet. A much larger drum than this, where i t  is 
to be operated IJY hand, will prove difficult or, a t  least, incon- 
venient to manage when t h e  wire is under considerable strain. 
hioreover, it is desirable to avoid tlie use of multiplying gear, 
SUCII as would Le required with very large drums in order to 
3ecnre adrquat,e power for the purpose of winding in kites by 
hand when esrrting strong pulls. A drum 1s inches in di- 
tnieter operated IJY two hand cranks, each 15 inches long, 
represents something over a threefold reduction, which in the 
large majority of cases will prove ample. 

A very interesting phenonienon connected with flying kites 
with wire is the electrification of the wire. To he alde t u  ob- 
wrve effects of this sort, i t  is necessary that the reel of wire be 
insulated, which is accomplished satisfactorily if the drum is 
iiiade of heavily shellacked wood. The core of the drum niust 
3e made very strong, to avoid the eiiornioi~s crushing pressure 
incident to winding in turn after turn of the wire under 
heavy strain. For the same reason the flanges must be com- 
paratively thick, to prevent flexure, and strongly riveted to 
the core, to prevent being forced asunder. 

Fig. 33 shows the second reel eniployed in the Weather 
Bureau work. Our first, reel was only 13 inches in diainetrr, 
tnd proved to be too small, and the flanges were too weak. 
Ahout 10,000 feet of wire forms a layer on the large reel a 
ittle over 0.4 of an inch deep. 

The inside eiicl of the wire on the reel comes through the 
Ilange to tlie 1)utton. o, which can lie electrically connected to 
the earth Iiy the switch, A. 

For the purpose of indicating the number of rotations 
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made by the reel the axis is provided with a suitable worm, 
arranged to actuate the dial mechanism of an ordinary ane- 
mometer. The length of wire corresponding to any par- 
ticular dial reading is obtained by means of a numerical 
table, the computation of which will be explained later. 

The carriage upon which this reel is mounted is shown in 
Fig. 24. It is the same carriage employed by Mr. Potter in 
his work with string. A central bolt confines the box, A, to 
the low table, T, but permita rotation thereon, aided further 
by caetors near the four corners. 

The rope brake, b, Fig. 24, which passes almost completely 
around the reel in a friction score, or groove, of the flange, 
serves perfectly to control the rapid paying out of wire, the 
necessary restraint being produced by tightening gently the 
slack end of the rope a t  e. The reel being of wood, and, 
therefore, but a poor conductor of heat, temperatures suffi- 
cient to scorch the rope and wood in the groove have some- 
times resulted from the great friction, but no serious difficulty 
has been experienced on this account. 

When wire is paying out under control of tlie brake tlie 
rapid rotation of the hand cranks is soniewhat objectionable. 
To provide them with ratchet connections so that they niay 
remain statioiiary when the reel is unwiiiding, as is clone in  
some forms of reels for deep-sea sounding purpose, is uot 
altogether desirable in kite work, as the strain 011 the wire 
is sometinies exceedingly variable. Moreover, a rigid handle 
is most trustworthy in cases where it is necessary to control 
the reel by the handle for both winding and unwinding. 

A common and well known form of spring balance has 
been generally employed to ascertain the tension produced 
by the kiteo. One method has been t9 hook the dy~~aniometer 
directly to one of the crank handles, fixing i t  in such a posi- 
tion that the restraint is exerted in a direction closely at 
right angles to the crank arm. This method, which is pre- 
ferred from the fact that  the reel can be quickly disengaged 
from any restraint should einergency demand, requires that 
a reduction factor be applied to the observed dynamometer 
reading, depending upon the ratio between the cr'i ' 11 1- arm 
and drum radius a t  the point from. which the wire drams. 
The ratio is always known for any given length of wire out, 
so that the reduction presents no difficulty. 
. A second method, which nieasures the teiision directly, 
consists in arranging the dynltnionieter to draw over the sur- 
face of the drum itself by means of a cord wound partly over 
the outer layers of wire, as shown a t  Fig. 25. 

When reeling in distant kites the wire is guidecl wholly by 
shifting the carriage of the reel slightly in nziniuth, as may 
be required from tinie to time. We have found the direction 
of the wire tn remain so nearly constant that  this means of 
control is ample, and it further avoids any necessity of touch- 
ing the wire with the hands, which is liable to induce rust. 
Near the close of the opei:ation, when tlie kit.es are but 100 
or 200 feet distant, it  may be necessary to guide the wire IJY 
hand. As a precaution against rust, the wire i n  reeling in 
is sometimes oiled by causing it to draw through a piece of 
folded cloth held in the hand and saturated with oil. 

The evaluation of the readings of the dial showing the 
number of revolutions of the reel is effected once for all by 
accurately measuring in sections a long length of wire as i t  is 
wound upon the reel. In the case of tlie reel under discus- 
sion the length of wire was measured by causiiig i t  to pass 
around a disk having a known circuniference and which re- 
volved with the greatest freedom. The disk, in fact, was 
mounted upon the spindle of nn anemometer, the dial read- 
ings of which indicated the number of turns of the disk. The 
tension of the wire was regulated by causing it to pass 
between a friction plate of wood so arranged as to guide 
the wire in its passage to and from the measiiring disk and 
8t the same time prevent any slipping or shifting of the 

wire on the grooved peripheryof the disk. The apparatm 
is shown diagrammatically in Fig. 26. The observations 
for the iiieasurement of the wire are of the following nature : 
The end of the wire being passed around the disk and 
secured to the reel, note is made of the dial readings to 
the nearest tenth of a revolution of the disk and reel, 
respectively. Approximate chalk mark subdivisions answer 
for the fractions of revolutions. When fifty turns of wire 
are wouud on the reel, readings of the dials are again noted, 
and so 011. I n  addition to not.ing the readings for each fifty 
turns of tlie wire, readings nre also recorded a t  the end of 
each full layer. In  winding the wire on the reel, originally, 
it is not difficult to lay i t  on very evenly for a depth of seven 
Or eight layers, but splices and other irregularities break up' 
eniootli winding, ancl after a time definite layers cannot be 
formed. It is impracticable, however, to guide the wire in 
even layers when reeling in kites. By a prelimiuary weighing 
of several of the sections of wire wound on, and by accurate 
deterinination of their respective weights per unit  length ob- 
tained Ly measuring and weighing short samples, the above- 
described series of observation may be niado to suffice first, 
fur deteriniiiing the exact periphery of the inrasuring disk 
and then the length of wire corresponding to any number 
of turns of the reel. I n  this case it will of coiirse be neces- 
sary ( a )  to note the dial readings a t  the times the splicesbe- 
tween sections pass 011 to the reel, and (a) to make slight 
correctioiis for the few inches of the wire used in forming the 
splices. 

To show what variation may be expected in different por- 
tions of wire, noniinally of the same size, and to present data 
from which an idea of the accuracy attained in nieasuring 
the length of the wire by the above-described means, the fol- 
lowing observations are quoted : 

TABLE 1V.- Weight p e ~  wiit length of samples of ateel mwikwire. Nvtninal 
diumter of wire, 0.025 i t ic7~.  

Sample. Length. Weight. 
Whole coll. 

pWfcI0t.I Weight 1 1 Per1 of &sk. hery 

Weight. Length. 

Fed. 
1 .......................... 1.335 
2 ......................... Ifl.445 
3 .......................... 3.w 
4.. ........................ 1e.396 
5 .......................... w.980 
6 .......................... 11.698 
7 ........................ 3o.m 
8 .......................... I''.Oiu 

' OP?IlS. 
Y;. 316 
1R.3i0 
21.1168 
11.956 
B. 9yo 
11.w2 
29.G18 
11.655 

LS85.2 3.1433 

S j 8 . 6  3.1700 

S10.7 3.15od 

Mean periphery, 3.1541. 
Nom.-Samples joined by brackets were cut from outer and inner ends of the 

snme coil. 
A layer of wire on the large reel contained, on the average, 

about 155 turns. All the observations in It single lager were 
combined as an average for that layer. The law of increase 
of the periphery of the reel, with soccessive layers of wire is 
practically a linear law. A ready and sufficiently exact so- 
lution of the obwrvatioii equations is therefore obtained by 
aid of a diagrani. The table, V, contains the results for 
the large reel. 

There is doubtless a slight difference in the average length 
per revolution depending on whether tlie wire is wound in 
sinooth layers or not, lmt I have been unable to definitely 
evaluate any difference of this sort, notwithstanding that 
what I may call the calibration measuremeuts agree and har- 
monize ainoiig themselves with considerable precision. More- 
over, in using the wire, several thousand feet may be unwound 
froin sniootli In.yers ancl w-ound on irregularly, and i t  will be 
foiiiirl the clinls come l~acl; to the starting point very satisfac- 
torily. Differences of 11 fraction of one percent may be due to 
difhences of tension. 
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I,W7.7 
1,6013.2 
1,512.6 
1.m.5 
i.011.0 
$731.8 
.451.0 
:.158.6 
i,707.8 
1,647.0 
1,394.i 

< 

TABLE V.-Obeswd mad compukd b n g f h  of r o b e  of large reel. 

3,067.8 - 0.1 
3,608.2 0.0 
4,513.0 - 0.4 
5.5Xxi.2 - 0.7 
6,011.8 - 0.8 
6,731.5 + 0.3 
7,453.7 $- 0.3 
8,159.6 0.0 
8,797.2 + 0.6 
9,W.R + 2." 

l0,3!W.9 
,146.611.144.1 1 

- 

F: 
E : 
- 

... 
13 
12 
11 
10 
9 
! 
; 
5 
4 
3 
2 
1 
- 

0.00 

31 
571 
481 
631 
$43 
931 

1,092 
1,244 
1,%5 
1,517 
1,6% 
1, E31 
2,011 
2,liO 
2,331 

..................... ..................... 
ESW. W. ..................... ..................... 

..................... 

1 From the eighth layer, to aud including the first 
the winding is in smuoth layers. 

*Outside fractional Iayer. 
The extremeoutside layers were uut distinguish- 

able in the observations. 

T. 
2.69 
0.02 
T. 
T. 

0.00 
0.04 
0.04 
T. 

1.45 
T. 

0.13 

0.3 

..................... 
sw. BW. 
nnw. ...... 
sw. sw. 
sw. w. 
UW. EW. 
ese. n. 
11. SW. 
nw. ...... 
ssw. w. 
w. 8w. 
sw. sw. 
m e .  ...... ..................... ..................... ............... 

[To be continued in  May REVIEW.] 

NOTES BY THE EDITOR. 

MEXICAN CLIMATOLOQICAL DATA. 
In  order to extend the isohars and isotherms southwnril eo 

that the students of weather, climate and storms in the United 
States niay properly appreciate the influence of the conditions 
that prevail over Mexico the Editor has compiled the follow- 
ing table from the Boletina Mensual for March, 1896, ns 
published Ly the Central Meteorological Observatory of 
Mexico. The data there given in metric nieas~ires have, of 
course, heen converted into English measures. The IJaronie- 
teric means are R S  given by mercnrial barometers under the 
influence of local gravity and therefore need reductions to 
standard gravity, depending upon both latitude and altitude ; 

the influence of the latter is rather uncertain, but that  of the 
former is well known. For the sake of conformity with the 
other data published in  this REVIEW these corrections for 
local gravityliave not been applied. The Editor regrets that 
the table for April, 1896, can not also appear in this number 
of the MONTHLY WEATHER REVIEW. 

Hexican d a h  for  March, 1896. 

Stations. 

Agnascalientes. ................... 
Carnyeche ........................... 

Guadalajara (H.  
Gu ad a.laja.ra ( Cl h 
Guanajnato ..... 

Leon.. ..... ................... 
Mazatlau ... ............. 
Mcrida .............................. 
Mexico (Ohs.C'ent.) ................. 
Mexico (E. N. de 6 . )  ................ 
Morelia (Semi!iario) ............... 
Oaxaca .............................. 
Pabellon .............. 
Pachwa .............. 
Pro-meao ............... 

Queretaro ............. 
.ill0 (Col. 8. dnau) ................ 
Luis Potosi ....... 
0.  .................. 

Tarubaya ( O h .  Nac.) .............. 
Tamidco IHos. Mil.) ............... 
Tehiiacau ......................... 
Tuluca.. ............................. 
Trinidad (near Leon). ............. 
Veracrnz ............................ 
Trejo (Hac.Si1ao. Oto.) ............. 

Zacatecas .......................... 
Zapotlan (Seniinario) ............... 

METEOROLOGICAL TABLES. 
By A. J. HENBY. Chief of Division of Records and Meteorological Data. 

6 a 
* .- Y 

a 
Feel. 

6,112.3 
40.4 

1.291.7' 
112.2 

5,141.2 
5,lpR.O 
6.761.3 
4, i57.3 
6 . 3 4 . 5  
5,931.0 

24.6 
50.2 

7,4>%. i 
7 . w . 5  
6,401.0 
5.164.4 
fi. 312.4 
7,956.3 

7,118.2 
i,112.! 
6.0G9.0 
!J, 095.2 
5,376.7 
6 .31 .9  
6,063.1 

7,620.2 

5,152.8 
R, 612.4 

6,010.1 
47.9 

R. 015.2 
5, i!!. 8 

....... 

....... 

....... 

...... 

....... 

I w h .  

28.8 

...... 

...... 

...... ..... 

...... 
23.6.5 
25.53 
24.12 
24.s 
!a. 91 
29.93 
23.05 
3 . 0 3  
33.94 
25.05 
23. !nj 
E.61 

...... 
23.32 
24.16 

24.N 
21.10 

...... 

..... 
22.94 

21.80 

...... ...... 

...... ...... ...... 
22.52 
25.04 

- 
&j 

.$i 
- 2  
a 2  

- 

O F. 

73.9 
76.3 

.... .... 

.... .... .... 
66.2 
64.8 
fi5.5 
66.0 
7'2.8 
48.2 
61.5 
61.7 
ti%. 2 

66.0 
58.1 

63.7 
64.2 

64.6 
64.8 

60.1 

60.8 

F.?, 

70.5 

.... .... 

.... 

.... .... 

.... ..... 

.... .... .... 
(io. 4 
68.5 
- 

- 
m 

sg 
zg 
d ." 

~~ 

P 

62 

.... .... 

.... .... .... .... 
a@ 
60 
33 
8 

60 
42 
49 
'$4 
5% 
3f5 
60 

45 

"W 

.... .... 
a9 .... 
67 
49 

44 

41 

.... .... 

.... .... 

.... .... .... 
31 .... 
- 

6, . P r e v a i l l n g  dlrectlon. 

.................. 

..................... 
0.06 1 nw. I...... ..................... 

For text descriptive of these tables and cha.rts see p. 16. 
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